Gaze and attention direction provide important sources of social information for primates. Behavioral studies show that chimpanzees spontaneously follow human gaze direction. By contrast, non-ape species such as macaques fail to follow gaze cues. The authors investigated the reactions of rhesus macaques (Macaca mulatto) to attention cues of conspecih'cs. Two subjects were presented with videotaped images of a stimulus monkey with its attention directed to 1 of 2 identical objects. Analysis of eye movements revealed that both subjects inspected the target (object or position attended by the stimulus monkey) more often than the distractor (nonattended object or position). These results provide evidence that rhesus monkeys follow gaze and use the attention cues of other monkeys to orient their own attention to objects.
We would like to suggest that gaze following and joint attention are different yet intimately related abilities (probably with different developmental and phylogenetic time courses). Gaze following could be defined as the ability of one individual (X) to follow the direction of gaze of a second individual (Y) to a position in space (not an object, see Figure la ). Joint attention has the additional requirement that X follows the direction of Y's gaze to the object (Z) that is the focus of Y's attention (see Figure Ib) . Joint attention thus requires extra computation to process the object of attention, not just the direction of gaze.
A large body of evidence suggests that feral primates can follow gaze. Monkeys and apes can gain information about available food sources, social dominance, and the location of predators from the attention direction of conspecifics (Chance 1967; Menzel & Halperin, 1975; van Schaik, van Noordwijk, Warsono, & Sutriono, 1983; Whiten & Byrne, 1988) . If an object is sufficiently interesting to capture one individual's attention, then this directed interest may draw another individual's attention to the same object. In field studies, however, individuals may come to fixate the same object because of the object's inherent interest even if they do not follow gaze.
In some primate groups, the level of attention afforded to an individual has been suggested as indicating the animal's dominance in a social hierarchy (Chance, 1967) . Determining which individual receives the largest amount of attention would be impossible without gaze following and joint attention. Whiten and Byrne (1988) suggested that visual attention is an important component to what they termed tactical deception. An example of this would be, X sees a patch of fruit to his right but looks to the left, so that Y will look in the opposite direction to the fruit. This might enable X to approach and take the fruit while Y's attention is elsewhere.
Gaze direction in non-ape species is used as a signal in agonistic encounters. Direct gaze is a threatening gesture (Redican, 1975) , and averting gaze is used to diffuse the meaning of such a gesture (Altmann, 1967) . Gaze following (a) v.X (b) \ x<9<9 Figure 1 . Levels of social interaction using gaze: (a) schematic representation of gaze following (dyadic relationship) in which an observer (X) follows the direction of gaze of the observed individual (Y) and (b) joint attention behavior (triadic relationship) in which an observer (X) follows the gaze of the observed (Y) onto an object (Z).
is important in both instances. Individual Y must recognize that Individual X is threatening him and not another animal, and X needs to recognize that Y is looking elsewhere and has responded subordinately to the threat to terminate an unpleasant situation.
A primate may learn something about an object by observing another individual physically interacting with that object. This is the basis for forms of social learning such as local (or stimulus) enhancement, imitation (Whiten & Ham, 1992) , and fear conditioning (Mineka, Davidson, Cook, & Keir, 1984) . Physical interaction between agent and object may not be required; gazing alone may be a salient enough cue for social learning about objects.
Laboratory studies of gaze processing have concentrated almost exclusively on human infants and great apes. PovinelH and Eddy (1994 ,1996a , 1996b investigated whether young chimpanzees (Pan troglodytes) would follow an experimenter's gaze (head and eyes or eyes alone) to one side rather than the opposite. The subjects correctly oriented to the attended side and also followed the experimenter's gaze when directing their attention to objects outside the chimpanzee's view, such as behind them (Povinelli & Eddy, 1996a) . Povinelli and Eddy (1996a) suggested that spontaneous gaze following (as an orienting reflex) may be present in monkeys and probably other social animals. Itakura (1996) recently studied 11 species of prosimians, monkeys, and apes in their ability to follow a human experimenter's gaze (eyes, head, and manual pointing in the same direction). Only orangutan and chimpanzee subjects made greater than 70% correct responses. The non-ape subjects (brown lemur, black lemur, squirrel monkey, brown capuchin, white-face capuchin, stump-tailed macaque, rhesus macaque, pig-tailed macaque, and tonkean macaque) did not respond above chance.
This result is interesting in the light of neurophysiological studies, recording from single neurons in the rhesus macaque temporal cortex (Perrett, Hietanen, Oram, & Benson, 1992; Perrett & Mistlin, 1990; Perrett et al., 1985) and amygdala (Brothers & Ring, 1993; Leonard, Rolls, Wilson, & Bay Us, 1985) . Cells selectively responsive to particular views of human or monkey heads (front, back, profile, up, and down) were discovered in the early 1980s (Bruce, Desimone, & Gross, 1981; Perrett, Rolls, & Caan, 1982) . Cells in the superior temporal sulcus and amygdala are also sensitive to the direction of eye gaze (Brothers & Ring, 1993; Perrett et al., 1985 Perrett et al., , 1992 . Perrett et al. (1992) suggested that one function of such cells would be to assist in the recognition of where another individual is looking. The monkey would appear to have brain systems dedicated to processing where others are attending and how others are interacting, both with inanimate objects and more socially with conspecifics (Brothers, 1990; Perrett & Emery, 1994) . This view of a dedicated neural system would presume that rhesus monkeys, and probably other primates, possess the behavioral capacity to follow gaze. Such behavior may not have been shown previously because the experimental paradigms used so far have not asked specific questions of gaze following. Instead the studies have focused on understanding the mental significance of gaze.
In an attempt to resolve the differences between the physiological evidence of macaque brain mechanisms processing gaze cues and the lack of behavioral demonstration of gaze following in captive macaques, we constructed an experimental paradigm that would not require extensive training and that would specifically record the responses of monkey subjects viewing other individual's gaze behavior. This paradigm used conspecific stimulus monkeys to provide attention direction cues and measured the spontaneous eye movements of test subjects, rather than requiring the subjects to provide an action for reward.
Method

Subjects
The subjects were 2 male rhesus macaques, Steve (age 4 years), and Terry (age 3 years), who were also subjects in ongoing neurophysiological studies that required stable eye movement recording (see Perrett et al., 1985 , for details of neurophysiological procedures). The subjects had previously been shown a video film of conspecific monkeys and other animals. They had also been exposed to slides and video disk images of humans, monkeys, and other animals. The subjects were bom and reared in a social colony of rhesus monkeys. During the period of the experiment, the subjects were housed individually, but remained in auditory and visual contact with the other monkeys. The subjects were familiarized with the test room and a primate chair with head restraint. During testing, fruit juice was available ad libitum. All experiments were performed under a U.K. Home Office Project and Personal License, and all experiments were regulated by the University of St. Andrews (Scotland) Animal Code of Practice.
Test Stimuli
Test stimuli were created by videotaping (Panasonic SVHS video camera) a stimulus monkey sitting at a square window (width = 26.5 cm) with the area surrounding the window blacked out. The stimulus monkey was filmed maintaining attention in one direction (down left [DL] , down right [DR] , up left [UL], or up right [UR] ). The stimulus monkey was attracted to look intently in one direction by presenting interesting stimuli at the desired locations. A JVC color monitor was set up on a stand in one of the four desired attention locations (DL, DR, UL, or UR). From the stimulus monkey's perspective, the left and right positions of the monitor were separated by 120°. Various images were presented over the monitor, played on an Akai VCR, including videotaped images of various animals in a zoo, cartoons, and pictures of monkeys. Particular hand puppets, face masks, and toys were also presented from behind an occluder to achieve the same purpose. These methods were sufficient to allow video recording of 20 segments of film (5 each of DL, DR, UL, and UR), which would be converted to test trials. These segments were edited using a Panasonic SVHS VCR (NV-FS200B) and a Panasonic VHS video mixer (WJAVE7) to blank off the area on either side of the window, leaving only the centrally positioned stimulus monkey visible.
Two objects were added to each trial segment. The objects were identical mirror images of each other and were recorded onto videotape at the same time and at opposite lateral corners of the screen. This was achieved using a Fairlight CVI (computer-video effects machine). One object was filmed using a Panasonic SVHS video camera (F10CCD) at either the bottom left or top left of the screen and mirrored about the center of the screen (Fairlight CVI). This provided the illusion that two identical objects were entering the screen at the same time and at the same mirrored spatial location, for example, one object enters bottom left, whereas the other enters bottom right. A different object was used for each trial. The objects were all novel to the subject, all approximately the same size and made small movements up and down.
The specific object or position that the stimulus monkey was attending to is referred to as the target object or attended target position (T), and the object at the opposite position is referred to as the distractor object or nonattended distractor position (D). The contents of the central window are referred to as the stimulus monkey (M), and everywhere else on the screen is referred to as elsewhere (E). An idealized example of a frame from the test tape is presented in Figure 2 . The projected distance between target and distractor on the actual test tape was 40° (physical distance = 150 cm), and the physical distance between the stimulus monkey's head and the target was on average 90 cm (minimum = 80 cm, maximum = 100 cm). During some trials the stimulus monkey's head moved toward and away from the target. Measurement showed that on average across trials the stimulus monkey's head was marginally closer to the distractor than to the target. In all trials the orientation of the stimulus monkey's gaze was identical to the orientation of the head.
Two final test tapes were prepared. Condition 1 included 20 trials with target and distractors down left and down right. Condition 2 included 20 trials with target and distractors up left and up right. The left/right positions of the target and distractor were randomized across trials.
Experimental Procedure
The subject was seated 4 m from the projector screen, at the same height as the projected stimulus monkey. An infrared camera and a half-silvered mirror were attached to the front of the primate Figure 2 . Spatial representation of test stimuli. The stimulus monkey is positioned relatively central attending down left to the target object and away from an identical distractor object (Condition 1, monkey-and-objects time period). During testing, the subject's eye movements and a frame/time code are mixed onto a copy of this test tape (not shown). For test stimuli eyes, head and body of the stimulus monkey had the same direction of orientation.
chair. This arrangement allowed the subject's eye movements to be videotaped while viewing test stimuli through the mirror (see Figure 3) . A VITC time-code generator and frame counter (Horita VG50) allowed the addition of a time and frame code to the bottom of the eye movement recording tape. The video stimuli were projected in a darkened room to avoid any visual distraction for the subject. The test tape was presented on a VCR (Panasonic NV-FS200B) with an output to a Sony color video projector (VPH-1041 QM). The output from the eye movement camera was video-mixed (Panasonic VHS video mixer, WJAVE7) onto a copy of the test stimuli tape with the frame code and recorded onto VHS tape on a VCR (Panasonic NV-FS200B).
Three time periods were present during each trial. A 1.0-s tone preceded the beginning of the trial in which the stimulus monkey appears (monkey-only condition). After 2-3 s, the objects appear (monkey-and-objects condition). The stimulus monkey and objects remained on screen for 7-9 s, after which the stimulus monkey disappeared offscreen. The objects remained on screen for a further 2-3 s (objects-only condition). There was an intertrial period of 5-6 s before the next tone and trial. Trials varied in duration because of changes in the length of time that the stimulus monkey's attention was captured in the test direction during the original filming of the test tapes.
Scoring Gaze Direction
For each trial, the frame counts (1 frame = 40 ms) of the critical events (trial begins, targets appear, stimulus monkey disappears, and trial ends) and the stimulus monkey's orientation were recorded onto score sheets by one observer by projecting the test video with the stimulus monkey, objects, and eye movements present.
Analysis of the location of inspections was performed by two observers who were unaware of the orientation of the stimulus monkey. This analysis was achieved by blanking off the region of the test tape containing the stimulus monkey with the video mixer. The resulting image contained the subject's eyes and the objects when they appeared. Analysis was performed on the test video (minus the central region) projected onto the screen so that the distance between the eyes in the projected image of the subject's face was 18 cm (i.e., 32 cm between pupils). Figure 3 . Recording and stimulus presentation setup. The test video was presented on a large white screen 4 m from the subject. The subject's eye movements were recorded by an infrared camera positioned in front of the subject. The eye movements were then mixed onto a copy of the test tape for off-line analysis. A frame/time code is also added to this copy of the test tape. Attribution judgments were made by scorers for each of the subject's inspections. A fixation was defined as the subject's eyes remaining static for at least two to three frames duration (80-120 ms). Multiple successive fixations on different regions of the same object without intervening fixations of other objects or positions were scored as a single inspection. During a saccade the subject was scored as not looking at anything. Inspections were attributed to one of four areas: (a) left target, (b) right target, (c) center (stimulus monkey), and (d) elsewhere. The position of each inspection and its frame count were recorded for analysis.
An off-line analysis, which combined blind scoring of inspections (by one rater) and records of stimulus monkey orientation, reclassified the four inspection positions to inspection of target, distractor, stimulus monkey, and elsewhere. Merobserver reliability was calculated for a sample of 20 trials by correlating the number of inspections attributed to different positions per trial by two scorers analyzing videos independently. The independent blind scoring correlated highly for the different positions: stimulus monkey, Pearson's ^(19) = .59, p < .01; target, ^(19) = .69, p < .01; and distractor, ^(19) = .16, p < .01.
Data Analysis
From the score sheets, the mean number of inspections made of each of the four positions were calculated for each trial. The duration of each inspection was also calculated from the frame count. The number of inspections and duration per inspection were compared for the whole trial using a three-way analysis of variance (ANOVA) in which the variables were subject (Steve, Terry), condition (down/up), and position (T, D, M, and E), and NewmanKeuls post hoc tests were used to determine specific significant differences. The number of inspections at each position (T, D, M, and E) was also measured for each individual time period. For each time period, the percentage of inspections of the target plus distractor positions were compared using a binomial test, with data combined for each subject.
Results
Both subjects' eye movements were recorded for Condition 1 (down) and Condition 2 (up) for 20 trials each. The results were analyzed for the whole trial using a three-way ANOVA (subjects, condition [down/up] , and inspection position as main variables). There was a significant main effect of position on the number of inspections made, F(3, 3) = 16.05, p < .05. Of greatest importance, the number of inspections on the target position was significantly greater than the number of inspections on the distractor position (Newman-Keuls, p < .05). Figure 4 illustrates that although Steve made more inspections than Terry-main effect of subjects, F(l, 76) = 81.46, p < .001-the pattern of inspection across different positions was constant across the 2 subjects-no interaction between subjects and position, F(3,228) = 1,32, p = .27.
Of less importance, there was no significant main effect of condition, F(l, 1) -33.28, p = .11, as the number of inspections was not different between the up and down conditions. Other interactions between the main variables were all nonsignificant: subjects and condition, F(l, 76) = 0.18, p = .68; condition and position, F(3, 3) = 1.55, p = .36; and subjects, condition, and position F(3, 228) = 1.0, p = .39. Behavior during the individual time periods was analyzed using a binomial test. The number of inspections made by each subject of the target position (T) or the distractor position (D) for each time period for the total 40 trials was calculated as a percentage of the total number of inspections of the target position plus the distractor position (T+D). For the monkey-only time period, the proportion of inspections of the target position was significantly greater than that for the distractor position (binomial test, Z = 4.7, p < .01). During the monkey-and-objects time period, the number of inspections of the target was also significantly greater than that for the distractor (binomial test, Z = 2.6, p < .05). There was no significant difference between the proportion of inspections of the target and distractor for the final objectsonly time period (binomial test, Z = 0.9, p = .18; see Figure  5 for these results).
The number of frames at each of the four positions for the two subjects and conditions were analyzed using a threeway ANOVA. There was no significant main effect of position, F(3, 3) = 3.6, p = .16, and therefore no difference between the number of frames spent looking at the target and the distractor (see Figure 6 ). There was no significant main effect of subjects, F(l, 76) = 1.52, p -.22, or condition, F(l, 1) = 2.41,^ = .36, and no interaction between subjects and condition, F(l, 76) = 0.51, p = .48, or between condition and position, F(3, 3) -0.94, p = .52. There was a significant interaction between the subjects and position, F(3, 3) = 5.5, p < .001. Steve spent significantly more time looking at the target than the distractor (Newman-Keuls, p < .05), whereas the difference for Terry was nonsignificant.
The duration of inspections over the whole trial was further analyzed by using comparable methods to those above, with time spent inspecting the target and distractor expressed as a proportion of total time spent inspecting both 
Discussion
The results of this study provide the first experimental evidence that rhesus monkeys follow another monkey's gaze and use their gaze cues to orient their own attention to a specific object. The subjects followed the stimulus monkey's line of sight before any objects were presented and inspected the attended target object more than the identical nondistractor object when the objects appeared. These results differ from a recent study of nonhuman primate gaze following by Itakura (1996) , as they provide evidence that monkeys, like great apes (Povinelli & Eddy, 1994 , 1996a , 1996b , can follow gaze cues onto specific objects.
In the first part of the trial (monkey-only condition), the stimulus monkey exhibited intense interest to a particular point in space and the subjects appear to have followed the stimulus monkey's direction of attention to this position. In terms of the definition stated in the introduction, the subjects have followed the stimulus monkey's gaze but are not joined in attention with the stimulus monkey. In the second time period (monkey-and-objects condition), a specific object appeared as a focus of the stimulus monkey's attention. The subjects looked significantly more at this target object than at the alternative distractor object. During this section of the trial, the subjects and the stimulus monkey had joint attention, as they both attended the same object (Perrett & Emery, 1994) .
One might have expected that any salience that the target object gained from the 10-s attention of the stimulus monkey would persist into the final part of the trial (objects-only condition), when the stimulus monkey disappeared and only the objects remained. This was not the case. The trend for the target object to be inspected more frequently that the distractor in the final period of the trials did not reach significance. Rhesus monkeys follow conspecifics' gaze to objects but may not understand the mental significance of another's attention (i.e., that the other individual is interested in the object). This would be compatible with a primitive orienting reflex (Povinelli & Eddy, 1996a) in which monkeys follow others' gaze cues automatically.
Methodological differences may explain the discrepancies in results between this and the Itakura (1996) study. Itakura attempted to determine whether prosimians, monkeys, and apes were able to follow the gaze, head, and pointing cues of a human experimenter. Itakura required a large angle of gaze change (90°) before scoring the subject's gaze following positively. This angular change is larger than that required of the subjects in the present study. Furthermore, before providing the attention cues, the experimenter attempted to gain eye contact with each subject. Monkeys do not readily look into the eyes of humans or conspecifics (especially a more dominant individual), but apes do (Redican, 1975) . Apes are more likely to look into the eyes of humans and therefore are more likely to use gaze cues. Indeed, apes may learn to use human gaze cues through socialization or enculturation, during extensive interaction with human experimenters and caregivers (Carpenter, TomaseUo, & Savage-Rumbaugh, 1995) . In contrast to apes, macaque monkeys may be less willing to use the gaze of human experimenters in operant tasks because humans are perceived as more threatening. Any reluctance of macaques in this respect was circumvented in the present study by using video films of conspecifics as stimuli.
The eye region is particularly salient in primate species (Aigyle & Cook, 1976; Keating & Keating, 1982; Perrett & Mistlin, 1990) . Baron-Cohen (1994) proposed a cognitive (and neural) module-the eye direction detector-which codes attention direction from eye gaze alone. Perrett and Emery (1994) noted that the brain mechanisms for detecting attention direction use multiple visual cues, including eye gaze, head direction, and body posture. In this study several cues to attention were oriented in the same directions. The subjects in the present study may have used eye gaze, head orientation and posture, or body posture to follow the stimulus monkey's direction of attention. The behavioral ability of monkeys to follow attention demonstrated here is consistent with the neurophysiological finding described in the introduction. Cell populations have been found that respond to direction of eyes, head, and body (Brothers & Ring, 1993; Leonard et si., 1985; Perrett et al., 1985 Perrett et al., , 1992 Perrett & Mistlin, 1990; Wachsmuth, Oram, & Perrett, 1994) . Such cells may contribute the appropriate neural machinery required to process the direction of another's attention from a variety of visual cues.
Primatologists have begun to test nonhuman primates' knowledge of the mental significance of attention (Anderson, Montant, & Schmitt, 1996; Anderson, Sallaberry, & Barbier, 1995; Gomez, 1991; Povinelli, 1996; Whiten, in press) . Studies aimed at training monkeys to use the significance of gaze cues have so far been relatively unsuccessful. Anderson et al. (1995 Anderson et al. ( , 1996 studied whether capuchin and rhesus monkeys could use human gaze and pointing cues to locate a food reward and found that the subjects could only follow manual pointing cues to the food. Similarly, Pettigrew, Forsyth, and Perrett (1993) managed to train only 2 out of 6 rhesus monkeys to follow human attention direction (defined by eye or head direction) for food reward. Thus, even though monkeys can spontaneously follow gaze of other monkeys, their ability to use gaze cues in experimental tasks appears more limited than ethological observations might suggest. Povinelli and Eddy (1996b) suggested that the ability to understand the mental significance of another's gaze is a dissociable ability from simple gaze following, although one may be a precursor to the other (Baron-Cohen, 1994; Perrett & Emery, 1994) . Whiten (1996) speculated that behavior reading, or inferring goaldirected behavior, emotion, and intention from external perceptual signals and a representation of an individual's behavioral patterns, may have developed through evolution into a mind-reading ability or a theory-of-mind mechanism (Premack & Woodruff, 1978) .
